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Outline for today (next week (
1st half)

⇒ Aharanou-Bohmf.pt#eBct :quantum
interference with EM field

-

"

k
" first :

- electrostatic potential

- gravitational potential

[ common thread of above 3 discussions :

nm force ( classically) on particle , yet

non - trivial effects . . . ]

- (more)
"

Preparing
"
for AB effect :

- how to include Eta potentials in

classical & quantum Hamiltonian

- gauge
transformation In on - trivial

for magnetic ( vector) potential) :

-

classical & quantum



-Potential constant of x. t#trivia

-classically : V (a) →Walt
←

- IEEE In hanged . " independent
⇒ I Ltl samey . . .

Q⑦ : la , to ; t) for V → Lait> for
Vt Vo

( 2 kets same - la) - at t = to)

Ianto it> = exp Kntv o ) D
number

= eapfivoyt-toglqt.it#
state : time dependence

expfi Elta →eapfifetuf-toDIE.eu
E) expectation rainedange (energy
differences same)
x Cx ".tl → expfivofytoifxlai.tl
[ trivial e. g . of gauge transformation

: different
✓ giving same observable

values]
-

,



potentialconstanta-TTth.TT(but depends on it . . .
⇒interference

=/Electrostatic potential
=

(equipotential) Vz
(cartoon!t-

= o

saturate"
Eto screen.az#fc:et.::t:s
-

interfere)✓
2

Wave-mechanicaHy# ( roughly)
E = # * = constant ( Hinisdetipmeeieenty
↳diHerentfor2pat#

⇒ P (slightly) different for 2 paths

(thus * / . . .
⇒ build - up phase difference

along 2- paths . . .
⇒ interference



Or
,

(wavepacket with

spread a tube dimension)

*④ (classically) forge inside tube

← each beam's phase shifts due to
✓
I
,
2

. . . ⇒ interfere at screen :c

c( 4
, -0274,9×-0211=¥¥ItH - UM

- (vz - H , ) is observational

effect : intensity on screenoscillates

as is dialed

( t → o : interference

"
washed out

' ' due to oscillations )



potential

-Classically : M 3% =
- m Tf

grau

⇒ acceleration independent of m
-

- am :[¥2 tix m0grau]=iho¥m2 Tf m-

⇒ -h/m remains ( of. classical)

- PI : ( an .tn/an-i.tn-i$=zI.# ×

eat it ⇐m*Im&gD
-Ehesttheorem ( expectation
-

values in and obey classical laws) :

due>1*2 = - g E ( Fhm)
← QOM ravi talion al effects not seen
in energy - levels (since too weak)



-@M) gravitational interference
B
#wn,

neutron (path) 1 detector
(
experiment'µ Yes I, g

(path) 2
source At# c

lez

-Dt ABCD inhorizon plane : ignore
gravity ABCD venting
- Next : make ABCD vertical

Erotate about AC by⑧
= Tyz]←

in general , or # O

- gravity - induced phase (difference:

→
erticae so dro# . . .

,AB us . CA : same phase shift
- ( there is force )

A

- only yAc&BDmaHer:T* horizontal
classical

phase
difference force)

= @ g lez sins Ty)



Use

=¢£ great sins) 1-= Hoof
¢ wave -

dial phase difference
packet

using tilt of ABCD
IT = hT.mu

*at quantum level , gravity not purely
"

geometric
" ( effect depends on

tym :

"

washed out
"

for #→ O)



IE M field in Hamiltonian
E = - I 01 ÷ B-= Ex E

Maas
in warm- up

* = Ely. -¥1 't e4f¥%ts2M He C-
canonical momentum

from

conjugate to x (classic
ITA ( kinematical momentum) = m dI=

=mo%p( Haemostats:{I * Co - za)
dt

- X #ionof
⑨ : 0

,
Ar are.pe/opera-tor/⇒

C. A ) # off, b) = it
(p - EAM)

'

→ P2- ftp.A-A.to/-(ek/2A2
( M$0 that H is Hermitian



H-picdz-E.cn , ti
=¥ - eat )

from#fix, p . A)

⇐ P) ( usual, I
'"for EM)

⇒ p(operator/#fmdI\It= mechanical momentum(
operator

( pi , Dj ) ⇐ 0 i (ti , Tj] to
=#Eijk Bk

⇒ Item . . .

QMversiouoformtzforces.INT/dtZ=dTT1dt--
( neat page)



e ( E t I f÷xB;B×da② C order

im sortaat, since 4564, DIE]
⇒ Ehrenfest 's theorem to

up on taking expectation value
(x 't

S-picture.it D=,ft ID
need to work out (start will

jLx'lHlx,to'T SE for k@f
2x

' I Abel = ACN) Get

yaHr¥H
¥7 ax
-

④ Cx ' Ipl B) = - ihoee.cn
' I
#

= fihfz-AHBGifp-en-IT.it
-

i



HI'repeat
" action of (p - EA14]

= fit A)Eihfze.-A) Laila, toit)
✓ THE

acts here

I÷mfihItefiHhnten⇒4aCn#y+eat Yala: H = it oft talk
'

. H
-

Puling equation : 0¥ + p !j -- o
p = 1412 ( as before)@ew#
E Im I'm (4*174) -⇒ A- 1412

( expected : D
'

→@'- f¥c/A] )



=PIm@ s - eaz) ⇐ rpeap HD
Sd=t = In

(as desired : kinematical momentum)

- so
,
we have consistentway

to incorporate EM potential
in ② ra :

reproduce Lorentz force ( used
H- picture);

probability flux (jI appropriately
modified , using S - picture) . . .

⇒ transformation :

redundancy in
description of same physics
-

- lo → to + x ( constant) ; A'→ E (trivia)
→

done ④Earlier

fF→F-Ihlal (non - trivial)
( crucial for magnetic monopole)


